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Infectious Diseases

Does hydroxychloroquine reduce mortality in patients with 
COVID- 19? A meta- analysis with trial sequential analysis

The COVID- 19 outbreak has caused an unprecedented global health 
and financial crisis. As of August 2020, more than 20 million people 
worldwide have been infected; however, specific treatments remain 
investigational. Hydroxychloroquine, a classic drug derived from 
chloroquine for rheumatological diseases, has shown activity against 
the novel coronavirus in vitro and been authorised in some national 
regulatory agencies to treat patients with COVID- 19.1,2 However, 
some studies reported no effect on the intubation rate or mortality.3 
We therefore performed a meta- analysis to evaluate the effects of 
hydroxychloroquine on overall mortality in patients with COVID- 19. 
Furthermore, we employed trial sequential analysis (TSA) to verify 
whether the results of the meta- analysis were conclusive.

Comprehensive literature searches using PubMed, Google 
Scholar, MedRxiv and the preprints literature were undertaken 
for studies published up to February 2021, using the keywords 

“COVID- 19”, “hydroxychloroquine” and “mortality” with related 
MeSH terms. Two reviewers (PHC and HJJ) independently screened 
the titles and abstracts and extracted the data. Any discrepancy was 
solved by group discussion. A random- effects DerSimonian– Laird 
model was used to estimate the odds ratio (OR) with 95% confi-
dence interval (CI). Heterogeneity across the studies was detected 
by I2 > 50% and Cochran Q- test P < .1. Subgroup analyses were 
performed toward the study designs, the therapeutic regimens and 
the COVID- 19 severities to detect clinical and statistical heteroge-
neity. All statistical analyses were performed using the “metafor” 
and “meta” packages of R software (version 3.6.1., R Foundation for 
Statistical Computing, Vienna, Austria) We constructed TSA bound-
aries according to the O'Brien- Fleming alpha- spending function with 
two- sided α = 5% and 1 –  β = 80% power. We assumed a relative 
risk reduction by calculating from the mean of the event proportions 

F I G U R E  1   Trial sequential analysis in meta- analysis of overall mortality. In this figure, TSA showed that the Z- curve has crossed the 
required information size but has not crossed the conventional boundary, suggesting that the hydroxychloroquine treatment is no different 
from conventional therapy in reducing overall mortality. The result is conclusive and robust based on TSA. X- axis, accrued information size; 
Y- axis, cumulative Z- score; blue line, cumulative Z- value; solid red lines, trial sequential monitoring boundaries and the futility boundaries 
(threshold for statistical significance in TSA); horizontal dark red line, conventional boundaries (threshold for significance in conventional 
meta- analysis); and vertical solid red line, required information size. TSA, trial sequential analysis
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for both the intervention and control arms. Random- effect TSA was 
performed using TSA software (version 0.9.5.10 Beta; Copenhagen 
Trial Unit, Copenhagen, Denmark).

A total of 26 studies (n = 30 167, Table 1) were selected in meta- 
analysis. The use of hydroxychloroquine with or without azithromycin 
did not reduce the mortality rates as compared with standard care 
(random- effects OR, 1.01; 95% CI, 0.81- 1.25; I2 = 82%; Cochran P- 
value < .01). TSA revealed an intervention event proportion of 16%, 
a control event proportion of 19% and a diversity of 88%. The cumu-
lative Z- curve did not cross the conventional boundary, and the re-
quired information size of 14 064 has been reached, demonstrating 
no difference in overall mortality in patients who received hydroxy-
chloroquine with or without azithromycin compared with standard of 
care (TSA- adjusted OR, 1.01; 95% CI, 0.79- 1.28; I2 = 77%; Cochran Q 
P- value < .05, Figure 1). TSA results confirmed that our meta- analysis 
was robust and authentic. The subgroup analyses yielded similar 
results that no difference exists in overall mortality in the different 
study designs (randomised control trials and non- randomised control 
trials), the different therapeutic regimens (hydroxychloroquine with 
and without azithromycin) and the different COVID- 19 severities (all 
severity hospitalised, mild- to- moderate hospitalised, moderate- to- 
severe hospitalised and non- hospitalised patients).

As the COVID- 19 pandemic has reached critical new levels, 
there is an urgent need for effective treatments of the disease. A 
previous meta- analysis evaluating the effects of hydroxychloro-
quine in the treatment of COVID- 19 was characterised by insuf-
ficient and often conflicting evidence.4 However, with numerous 
studies emerging since its publication, the previous meta- analysis, 
which included limited studies, does not reflect the current under-
standing of the literature. Thus, we performed an updated meta- 
analysis that showed no evidence of benefit for hydroxychloroquine 
in reducing mortality.4

Even if the meta- analysis alone concluded that the interven-
tion has no effect, it still could have insufficient statistical power 
to investigate the true effects.5 TSA is a realistic and reliable tool 
to test whether the meta- analysis is adequately powered or reports 
spurious results because of systematic bias or random errors. The 
advantages of TSA include re- estimating the sample size needed or 
stopping further trials when the benefits of intervention are not ex-
istent.6 We performed TSA in the present meta- analysis and demon-
strated that it might be futile to conduct future trials. Regarding the 
opportunity costs, further hydroxychloroquine trials aiming for re-
ducing mortality should not be a top priority in the war against the 
COVID- 19 pandemic.

In conclusion, our meta- analysis with TSA suggests that the use 
of hydroxychloroquine in patients with COVID- 19 has no benefit in 
reducing overall mortality.
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